The accuracy and reproducibility of
Abstract
The accuracy and reproducibility of indirect measurement of cardiac output at rest by the carbon dioxide rebreathing (indirect Fick) method with an automated respiratory analysis system (Gould 9000IV) were Cvco2 -Caco2 = 11 02(Pvco20396 -Paco203") where Pvco2 and Paco2 are the partial pressure of carbon dioxide in venous and arterial blood respectively.'120 A haemoglobin concentration of 150 g/l and oxygen saturation of 95% was assumed. The partial pressure of carbon dioxide in arterial blood was estimated from the concentration of carbon dioxide in expired gas at the end of expiration. The carbon dioxide tension ofmixed venous blood was estimated in a similar way by using the equilibrium rebreathing procedure described by Collier."
The individual respired from an anaesthetic bag filled with a mixture of approximately 100% carbon dioxide in oxygen. The volume in the bag was fixed at 1-5 times the mean tidal volume of the preceding respirations. During the rebreathing procedure the end tidal concentration of carbon dioxide was displayed on the computer screen so that the operator could signal to the computer that a satisfactory equilibrium had been achieved. The equilibrium value was used to estimate the mixed venous carbon dioxide tension. No correction was made for differences between blood and alveolar tensions.'0 1822 The computer performed all the calculations and displayed the estimated cardiac output.
THERMODILUTION MEASUREMENTS
Measurements of cardiac output were taken using the 7 French pulmonary arterial catheter (Swan-Ganz, 93A-151-7F, American Edwards Laboratories, Anasco, Puerto Rico) linked to a 9520A cardiac output computer (Edwards Laboratories, Santa Ana, California). Ten ml of iced 5% dextrose drawn into a 10 ml plastic syringe was hand injected into the right atrium via the proximal lumen of the Swan-Ganz catheter. The thermodilution cardiac output was taken as the value for the second of two or three injections.
DYE DILUTION MEASUREMENTS
Dye dilution measurements were made with 5 or 10 mg of indocyanine green (Cardio-green, HW&D, Baltimore, Maryland) (the larger dose was used for those with mitral valve disease) injected by hand into the right atrium via the proximal lumen of the Swan-Ganz pulmonary artery catheter. Arterial blood was drawn from the proximal aorta through a DC-410 photoelectric detector with a SW-367 pump (Waters Instruments, Rochester, Minnesota). Cardiac output was calculated with a CO-10 cardiac output computer (Waters Instruments).
EXPERIMENTAL PROTOCOL All measurements of cardiac output were taken at the end of the diagnostic study. The patients remained supine and breathed room air via a respiratory valve connected by a flexible hose to the spirometer of the Gould 9000IV so that all expired gas could be collected and analysed. Indocyanine green was injected at the onset of carbon dioxide rebreathing and this injection was immediately followed by the two or three injections of thermodilution indicator. This sequence was repeated within approximately 10 minutes. In the patients who were not given indocyanine green, the thermodilution indicator was injected at the start of the rebreathing procedure. From another using scatter plots. The accuracy of both the carbon rebreathing and thermodilution met} assessed from the mean differences each of these methods and dye dilut "limits of agreement"'5 were calcula the mean difference plus and minus 1 standard deviation of the difference s 950/ of differences were within that ra differences between the values obtaine individual for the carbon dioxide ret and thermodilution methods were exa a similar fashion.
The reproducibility (repeatability) method was examined by plotting the ces between duplicate measurement the average of the two measuremen mean and standard deviation of the di between the two readings were calci that the "coefficient of repeatability' the standard deviation of the differenc be calculated.
Results

REPRODUCIBILITY OF DIFFERENT METHC CARDIAC OUTPUT
For each method there was no si difference between the duplicate l ments (table 1) . For dye dilution a differences were less than 16%/ of t value (fig la) . For the indirect Fick mc reproducibility was low with only 50 Loss of indicator can be reduced by injection at ambient temperature at the expense of a reduction in the thermistor signal to noise ratio and thus greater variability in the estimate of cardiac output.' The thermodilution cardiac output computer used in this study uses a computation constant to adjust for loss of indicator with different Swan-Ganz catheters that is derived from an "in vitro study" (product literature). The recommended constant may not be correct for catheters inserted from the femoral vein where the longer intravascular course could result in greater loss of indicator. None the less, an in vitro study using thermodilution cardiac output computers (including the model used in this study) obtained similar overestimates of cardiac output under conditions of cold injection and pulsatile flow.'
The computer used in the present study also overestimated cardiac output when compared with invasive Fick measurements in another study.32 Further evaluation of such devices is needed before they can be used as a standard for comparison with other methods.' 33 In previous studies comparing different methods for estimating cardiac output the range of differences between estimates has been wide and a considerable number of differences were > 25% of the mean value.7 1222 The range of differences seen in the present study is similar to that reported between direct Fick and indirect Fick" 2229 or dye dilution73'
estimates. Such observations are consistent with the inherent variability of cardiac output and of the methods available for its estimation.
We found that indirect Fick estimates of resting cardiac output measured by the Gould 90001V are accurate but that the variability of estimates is large. Averaging of repeated measurements is required to achieve a reliable estimate of cardiac output in individual subjects. Mean of cardiac output estimates obtained by two different methods (I/min)
